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Abstract
We conjecture that a 125 GeV resonance ζ0 with JPC = 0−+ composed of a quark-antiquark state
may have been observed at the LHC. The decay modes of this pseudoscalar particle are determined
using the non-relativistic quark model. The leading order partial decay widths for the decays of the
pseudoscalar quarkonium resonance ζ0 → γγ and ζ0 → gg are compared to the standard model Higgs
particle decays H0 → γγ and H0 → gg. An experimental analysis at the LHC of the observed production
cross sections for the ζ0 and the Higgs particle could distinguish between a heavy quarkonium ζ0 particle
and a light Higgs particle at 125 GeV.
The excess of events in the γγ invariant mass at about 125 Gev detected in the ATLAS and CMS
experiments at the LHC has been tentatively identified as the Higgs particle [1, 2, 3]. It is possible that
if the observed γγ excess of events becomes statistically significant with increasing data, then this could
signal the existence of a pseudoscalar quarkonium resonance bump. A pseudoscalar resonance at around
125 GeV could be interpreted as a higher energy iteration of the observed lower energy quarkonium meson
states [5]. If this proves to be correct, then it may be that a light Higgs particle does not exist and the
standard Weinberg-Salam electroweak (EW) model [6, 7] must be revised and a new way of understanding
electroweak (EW) symmetry breaking discovered. In recent papers [8, 9, 10, 11], new EW models have been
proposed which can be tested at the LHC.
Holdom has recently proposed that condensates of colored fermions drive EW symmetry breaking [12].
The scenario could give rise to a light pseudoscalar particle. The fermion condensates would require the
existence of strong gauge interactions involving either technifermions or a fourth generation of quarks. The
pseudoscalar meson would be the lightest state of a new strong interaction sector. It would correspond to a
neutral color singlet that arises as a pseudo-Nambu-Goldstone boson, generated by the symmetry breaking.
Unlike the Higgs particle, in Holdom’s model the pseudoscalar particle does not possess tree level couplings
to the WW and ZZ, so its branching ratios are significantly suppressed. Other possibilities that have been
explored are a fermiophobic Higgs particle [13] for which the fermionic decays such as bb¯ and lepton decays
are suppressed, and a vectophobic Higgs particle for which WW and ZZ decays are suppressed [14].
The bottomnium and unobserved toponium are isoscalar states |B〉 = |bb¯〉 and |T 〉 = |tt¯〉 of heavy
quarkonium. With respect to an effective interaction Hamiltonian, heavy quarkonium can appear in two
different isosinglet states |ζ0〉 and |ζ0′〉. The effective Hamiltonian is given by Heff = H0 + Hmass, where
Hmass = KTMK andM is the mass matrix:
M =
(
mζ′ mζζ′
mζζ′ mζ
)
. (1)
Here, |ζ〉 and |ζ′〉 are states of quarkonium that interact through the mixing contributions mζζ′ and K =
1
(
ζ′
ζ
)
. After diagonalizing the mass matrix and solving for M, we get the mass formulas
mζ = cos
2 φmB + sin
2 φmT , (2)
and
mζ′ = cos
2 φmT + sin
2 φmB . (3)
The off-diagonal term is given by
mζζ′ = cosφ sinφ(mB −mT ). (4)
Here, mT ∼ 2mt ∼ 346 GeV and mB ∼ 2mb ∼ 9 GeV where we have used the measured quark masses:
mt ∼ 173 GeV and mb ∼ 4.5 GeV.
The mixing angle φ is determined by the equation:
φ = arccos[(mT −mζ)/(mT −mB)]1/2. (5)
For the mixing angle φ ∼ 36 ◦, we obtain the masses of the quarkonium states |ζ〉 and |ζ′〉: mζ0 ∼ 125 GeV
and mζ0′ ∼ 230 GeV. We identify the new boson resonance discovered at the LHC with the ζ0 bound state
quarkonium resonance. The quarks and anti-quarks are bound together by the QCD gluon force with a
corresponding binding energy EB and the QCD coupling constant αs(MZ) = 0.118 [5].
The short life-time of the top quark for the decay t→ bW+, τt ∼ 5× 10−25 sec., results in the toponium
not forming a bound state. However, the toponium state exists as a state of heavy quarkonium.
The ζ0 meson will be primarily produced at the LHC in gluon-gluon fusion with the largest cross section
for the 1S0 ground state, and this state will decay into gg, γγ, ZZ
∗,WW ∗, cc¯, bb¯, τ+τ− and µ+µ−. At leading
order and in the narrow-width approximation, the production cross section for a boson P in pp collisions is
given in terms of the gluonic decay width by
σ(pp→ P +X) = pi
2
8m3P
Γ(P → gg)
∫ 1
τP
dx
τP
x
g(x,Q2)g(τP /x,Q
2), (6)
where g(x,Q2) is the gluon parton distribution function, and τP = m
2
P /s where s is the pp collision energy
squared. We identify P with either the pseudoscalar meson P = ζ0 or the Higgs particle P = H0.
We can obtain approximate results for the ζ0 boson decay widths using the colored non-relativistic heavy
quark model [15, 16]. The quark wave function for the lowest lying S-wave state is
ψ(r) =
1√
4pi
R0(r). (7)
The interesting two-body decays of ζ0 will dominate all other annihilation decay channels. We treat ζ0
as a non-relativistic bound state with velocities v → 0 and with the quarks in an S-wave. The partial width
for ζ0 → A+B is given by
Γ(ζ0 → A+B) = 3β
32pi2m2ζ
|R0(0)|2 1
1 + δAB
σλA,λB |MλA,λB (ζ0 → AB)|2v=0, (8)
where
β =
((
1− m
2
A +m
2
B
m2ζ
)2
− 4m
2
Am
2
B
m4ζ
)1/2
(9)
is the standard phase factor and 1/(1 + δAB) is a statistical factor.
In the Coulomb approximation, we have
|R0(0)|2
mζ0
= Ciαs
3mζ0 , (10)
where Ci is the quark charge and color factor. For the decay ζ
0 → 2γ, we get to leading order in the Born
approximation:
Γ(ζ0 → γγ) =
(
α
mζ0
)2
|R0(0)|2 = Cγγα2αs3mζ0 . (11)
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We can compare the leading order partial decay width of ζ0 → 2γ to the partial width of the scalar Higgs
particle decay in the light mass Higgs limit [17, 18, 19]:
Γ(H0 → γγ) = |I|2
(
α
4pi
)2
GFm
3
H
8
√
2pi
, (12)
where GF = 1.6637× 10−5GeV−2 is Fermi’s constant. In the limit of a Higgs mass mH ∼ 125 GeV and for
the W and top quark loop contributions, I(W+t) ∼ −10, we obtain
Γ(H0 → γγ) ∼ 31 keV. (13)
For the gluon final state, we get for the ζ0 meson decay:
Γ(ζ0 → gg) = 4
3
(
αs
mζ0
)2
|R(0)|2 = 4
3
Cggαs
5mζ0 . (14)
The partial decay width in the Born approximation for the decay H0 → gg is given by
Γ(H0 → gg) = GFα
2
sm
3
H0
36
√
2pi3
. (15)
For mζ0 = mH0 ∼ 125 GeV we obtain the ratio
µ ≡ σζ
σH
=
Γ(ζ0 → γγ)
Γ(H0 → γγ) , (16)
where σζ and σH denote the production cross sections for a ζ
0 and a Higgs particle, respectively. The value
of µ can be greater than unity. Measurements of the total production cross sections σζ and σH at the LHC
can be used to distinguish between the ζ0 quark-antiquark pseudoscalar resonance and the standard model
Higgs particle.
Hopefully, the 2012 LHC experimental runs will determine whether the hinted excess of events at 125
GeV in the γγ decay channel observed by the CMS and ATLAS detectors is accompanied by any excess of
events in the WW ∗, ZZ∗, bb¯ and lepton decay channels. If the observed resonance bump at 125 GeV can
be verified with sufficient statistical certainty, then an experimental comparison of the branching ratios and
production cross sections predicted by a heavy pseudoscalar quarkonium ζ0 particle and a Higgs particle can
resolve whether a ζ0 resonance or a light Higgs particle has been discovered at the LHC. If it is found that
the 125 GeV resonance is a pseudoscalar quarkonium resonance, then it is explained as a predicted mixing of
|ζ0〉 and |ζ0′〉 quark states in QCD. This will mean that the 125 GeV resonance bump cannot be identified
with a standard model Higgs particle.
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